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(54) Head suspension assembly having parallel-coupled load/gimbal springs 



(57) A magnetic liead suspension assembly and 
method are designed to Include a substantially Inflexible 
support arm (32) mounted at one end to an actuator 
rnotor in a data storage diskdrive system. At the opposite 
end of the support arm Is a gimbai (52, 54; 64; 70, 72). 
An air bearing slider (38) having at least one readAiwIte 
head is connected to the gimbal. The gimbai is adapted 
to accommodate pitch and ro» molfon and is compliant 
in the direction perpendicular to a surface of the data 
storage medium (56) to be read. The gimbai Is parallel- 



coupled with a load spring (24; 58) that is connected to 
Ifie support arm to apply a load force. This anangement 
improves the shoclc-resistance characteristics of the sus- 
pension assemtily, since the support arm does not add 
to the inertlal force caused by accelerations from shocl< 
events. In a prefen-ed embodiment, the electrical con- 
nection to the read/write head is via eieciricai traces (40, 
42) that are printed onto the support arm and gimbai. 
Traces are also fonned on the ghnbat springs to extend 
to a solder-ref low location at an interface to the slider. 
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Description 

Technical Field 

The Invention relates generally to reading and writ- 
ing data on a magnetic storage medium and more par- 
ticularly to suspension systems for supporting a 
read/Write transducer. 

Background Art 

In transfening data to and from a magnetic storage 
medium, suc^ as a magnetic disK a readAwrite trans- 
ducer is either mounted or fabricated onto an air isearing 
slider that is brought into close proximity to the medhjm. 
The slider is separated from the disk by an air bearing 
that is generated betweenthe slider and the rotating disk. 
Thus, the airbearing slider moves rdative to the disl< sur- 
face 'm a flying mode. This air bearing makes it possisle 
for an actuator to position the readAvrite transducer over 
various circumferential data tracks on the magneticdisk. 
The slider-to-disk spacing is controlled by the toad force 
provided by the suspension assembily; that is, the sus- 
pension assembly opposes the aerodynamic lift force of 
the air bearing. Some air beiaring sliders generate neg- 
ative pressure over a portion of the air bearing surface 
to increase the effective load force. Conventionally, the 
air bearing slider forms part of this suspension assembly 
that is mounted to an actuator arm of an actuator motor. 
The suspension assembly also includes a load beam 
and a gimbal to link the sikler to the actuator arm. 

liiere are a number of stiffnesses that must be con- 
sidered In the design of a suspension assembly for a 
readAwite transducer, or head. First, the suspension 
asserhbly must have low pitch and roll stiffnesses, so that 
angular misalignment between the air bearing slider with 
respect to the disk surface is decoupled. A prior art sus- 
pension assembly 100 is shown in Fig. 1 . The term "roll" 
is defined herein as rotation about the Y axis that is gen- 
erally parallel to the length of the assembly. 'Pitch' m 
defined as rotation {riXHit the X a»s. 

Slider-lo<ii8k angular nisaligninent may be caused 
by a nonpianar disk topography or by toenictness in the 
drive assembly, such as lack of parallelism between the 
suspension mounting surface rdative to the disksurface. 
The angular misalignment transmits a moment to the air 
bearing, which could alter ttieflying characteristics of the 
slider 102. In the suspension assembly, a gimbal 104 is 
used to decouple the angular misalignment of tiie air 
bearing slider with respect to Uie disk surface. The gim- 
bal may include aload cHmple, not shown, upon which 
the sKder pivots, but other arrangements are possUe. 

Other stiffnesses of concern in the design of a sus- 
pension assembly 100 are in-plane stiffnesses While 
the gimbal 104 aUows the slider 102 to have rotational 
compliance with respect to the disksurface, the remain- 
der of the suspenskMi assembly ttiust be stiff with respect 
to 'nrplane movem^rt aking flie X axis and ttte Y axis, 
as well as in-plane rotation. i.& "yaM^.' rotation about the 



Z axis. Ensuring high in^plane stiffnesses is imporlantfor 
achieving reliable track servo operation, for overcoming 
the frictional forces that occur between the slider and the 
disk surface durnig takeoff and landing, and for limiting 

5 slider motions in a down-track direction tiiat could trans- 
late to timing jitter during data recovery. 

Vertical stiffness is another important consideration. 
Vertical stiffness, ttiat is "Z-axis stiffness," is used to pro- 
duce the vertical force which maintains the desired head- 

10 to<iiskspacHig. 

Tlie suspensfon arm fliat links tiie air bearing slider 
102 to ttie actuator arm of the actuator motor may be a 
^ngle piece metrtier, formed of approximately 75 \m 
thkk stainless steel sheet, having a nun^er of regions. 

15 The regions include a mounting region 106 for attach- 
ment of the suspensfon ami to the actuator arm. Also 
shown in Rg. 1 is a bend region 108 near the mounting 
regtoa The bend region straightens when tiie air bearing 
sTider is foaded onto a disk, thereby generating ttiei Z- 

20 axis spring fo»i force on the back of tiie sikler. Cun-ent 
productfon sliders are of a form sometimes r^enred to 
as '50%' sliders' and operate with a nominal load of 2- 
5 grams force. 

In effect, tie bend region 1 08 of tiie suspension arm 

25 is a spring element tiiat is referred to as tiie load spring. 
Ideally, it is used to apply a constant force to tiie back of 
tiie slider 102. However, in practice variations in the load 
force occur, but ttie load force remains within an accept- 
able range because ttie bend regfon has a low vertical 

30 spring rate. A general guideline specifies that a ±b.12S 
mm variation of the suspension base mounting height, 
i.e., ttie "Z-height tolerance," shouM not change the fodd 
force by more than 1 0% of ttie nominal toad value i?rod- 
uct-specifk: values are detemiined by the air bearing 

35 stiffness, product requirements (such as flying height) 
and tiy manufacturing tolerances. 

In addition to the mounting and bend regions 106 
and 1 08, a conventional suspension arm includes a toad 
beam region 110. Conventionally, this regfon isquite stiff; 

40 for example; ttie stainless steel sheet used to form the 
ami may have sfiffoning ribs 1 12 and 1 14 afong opposite 
sides to increase rigidity. At the end of ttie load beam 
re^ oppose to ttie bend region is ttie gimbal 104. 
There are two pronwnent gimbal approaches. In ttie 

*5 first approach, ttie gimbal has a high Z-axis stiffness. 
This enables the gimbal to transmit tiie load force direcUy 
to tfie sKder witti very litfle vertical deflection. This 
approach typfoafly includes fbrming tiie gimbal. which 
can.be etched ttiinner, to be integral witii the load beam. 

so That is, ttie ^tvbtA and ttie load beam are formed from 
ttie same sheet of material. U.S. Pat Nos. 5,282.1(^ to 
CIvlsttaitson and 5,198,945 to Blaeser et al. describe 
ttiis approach, it is also possfole to implement ttvs first 
approach u^ a multi-piece assembly, witti some 

55 pieces being fonned of other metals or non-metals, such 
as polyimide or silicoa 

In ttie other of ttie two predominant gimbal 
approaches, ttie gimbal may be formed from a ttiinner 
sheet stock ttian the stainless sheet of ttie k»d beam 
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and bend regions. The gbiibai is spot welded or Other- 
wise attached iQffieloadbeatn. In this second approadi. 
the gimbal is more compfiant in the Z-direchon. The load 
force is provided by the remaind» of the suspenston 
assembly and is transmitted to the air bearing slider via 
a load dimple that is formed on the gimbal or load beam. 
The load beam tip acts to constrain the gimbal's vertical 
deflection, essentially making the gimbal vertically stiff. 
The dimple defines the load point of the applied force. 
U.i5.Pat. No. 5.299.081 to Hatch etal.descrtoes a gimbal 
that utilizeslhissecond approach. Suspension assmibly 
designs using Ms second approach are generally capa- 
ble of larger pitch and roll conpHance «ian the fbst 
approach. 

There are difficulties associated with this second 
approach when the suspension assembly/gimbal is sub- 
jected to seel^-induced or externaBy sipplied shocks. 
Urge lateral shock can cause small scale slipping 
between the load dimple and the load beam. This lateral 
head shift with reject to the suspension arm may be 
held bythestalicfriction between thedimpleand the load 
beam, resulting in a change in the loading point of the 
air bearing load force. The lateral head shift is particu- 
larVundesirable in dedicated servo disltdilves, because 
H results m the relative misalignment of the heads In a 
multiple platen disk drive. In additicin. large verficai 
shocks can overcome the load force, cauia'ng the slider 
to separate from the disk. When this occurs during the 
shock event, the gimbal arrangement may allow the air 
bearing surface to become aiented at an excessive 
angle relaiive to the disk surface. After the shock event, 
the toad spring wiU reestablish proximity between the 
sfider and the disk, but the angular misalignment 
between theair bearing surface and thedisksurface may 
pre/ent the refomiation of the desired slider/disk air 
bearing interlace, it is possible that a corner of the slider 
will impinge the disk, causing toss of data and/or damage 
to either the disk or the slider. 

Becausethefirstgimbalapproachisassodatedwith 
a high vertical stiffness. » prevents the large anguter mis- 
alignments whtoh could occur with the second gimbal 
approach ckniigshoGlc events, luloreover. since there Is 
no dimple associatedwithUtis first approach, the diffiey- 
ties occurring due to lateral head shift should be elimi- 
nated. Nevertheless, damage and data loss resulting 
from shock events remain a concern because there is 
still a substantial inertial mass which can unload the 
slider, potentially causing it to impact the disk. 

Another concern i^ that suspension assentties 
designed with either of the two gimbal approaches dis- 
cussed above may be Indetectably flawed. When ibrmed 
of metel, the gnrtbals can be unintentionally damaged 
during assembly of the slider to the gimbal and during 
subsequent handling. The damage nay cause the gim- 
bal to deform plastically, resulting in undesired moments 
being transmitted to the slider. Ihe magnitude of the 
plastlcdefonmtkin may be smaU enough thatit is diiftouH 
or costly to deted. but large enough to alter flie sGder 
flying characterisBcs beyond a folerabie level. 



In addition to the mechanical requirements, the sus- 
penston assembly typically is required to support electri- 
cal conductors which canry data signals to and from the 
readAwrite head. These conductors are typk»liy coated 

s wires; however, some suspension assernWy configura- 
Sons utilize flex circuit to pass the signals along the sus- 
pension arm. These wires are routed between the load 
beam and slider in wrhat are known as service loops. Ide- 
ally, ser^flce loops are designed so that they produce no 

n moment on the disk and do not interfere with the disk. 
However, In some instances, these service toops will 
contact the tSsK causirig damage to the disK wires or 
both. At the end of the suspension assembly opposite to 
the sTider. there is typically a flex clicu'rt that extends the 

IS conductors to the drive electronics. As animprovement 
to suspension assemblies having twisted wires extend- 
ing to a slider, U.S. Pat No. 4,761,699 to Ainslie et al. 
describes forming electrical traces on a suspension and 
then both mechanically and electrically connecting the 

so suspension to a slider by reflowing solder balls formed 
at contact pads. 

There are two confiding trends in the art of design- 
ing suspension assemblies for read/write heads pf mag^ 
netto storage devices. First, sliders are decreasing in 

a size The reducHon to sHder size aids ii) decree^ing the 
flying height of a sfider and facilitates improvements in 
the producfion economies at the slider wafer fabrication 
staga The smaller size provides a con-esponding reduc-r 
tion In mass, which reduces the inertia of the system. 

30 The reduction in mass improves the seek performance 
and shock peribrmance of the system. IHovi^ver, the 
decrease in the size of the slider impedes the ability of 
the slider to remain unaffected undesired applied 
moments, since the reductton in size results in a reduced 

3S air bearing Stiffness. 

The second trend is the increase in the number of 
electrical leads which are being attached to the sHder. 
This trend increases the potential creation and magni- 
tude of undesired moments being applied to the slider. 

40 Typical^ two conductors have been soldered to small 
pods on the rear surface of the slider. When these con- 
ductors are attached to ttie slider, care must be taken to 
ensure that the conductors do not apply an appreciable 
moment to ttie slider. This adds to the complexify artd 

45 CMpense Of the assentjiy process. With the Introducfioh 
of magn^o-resislive read sensors and/or other 
advanced transcfcicer schemes, there is a need for more 
than two electrical conductors, so the potenflal for the 
aeafion of addHtonai moments increases. 

so In adcGtton to the above trends, there is another con- 
vention applied to the toad and gimbai springs which is 
maintained by tiie industry. With eHher of the two gimbai 
anangements descrSied above, the load force is pro- 
duced in the bend region of the suspenston arm and is 

55 applied through the load beam and vertically sliff gimbal 
to the Elkler at the opposite end of the su^nsion arm^ 
Thus, in effect, the toad and gimbal springs are in a serf 35 
artangement In thisseries-coupled spring configuration, 
the vertical compliance of the load sprkig and that of the 
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gimbal are added to obtain the total.system compTiance. 
The inverse of this total system compBance yields the 
system stiffness, which is multipfied by the total loading 
dejection to define the load force. In pracfice, the load 
spring is significantly less stiff in the vertical direction 5 
than is the gimbal. so that the load spring governs the 
magnitude of the load force. During a vertical shock 
event, a signif leant portion of the mass of the suspension 
arm combines with the tmo masses of the slider and the 
gimbal to create the inertial force applied to the load 70 
spring. The trend of reducing the size of the sMer, as 
mentioned above, leads to decreases In this Inertial 
force, but the system is still suscepfble to damage % a 
result of vertical shocks. 

The industry needs a magnetic head suspension is 
assembly and method that decrease the susceptibility of 
a data reading system to damage or data loss resulting 
from external shocks. Such an assembly and method 
should address the problems associated with the wires 
attached to the slider. These problems include undesired 20 
moments applied to the slider and wire service loop dam- 
age which can occur to the disks and wir^ 

Summary of tha Invanfinn 

The invention is a mayietic head suspension 
assembly and method having a slider-supporting gimbal 
arrangement attached to a gimbal end of an inflexible 
support arm, with parallel-coupled load and gimfcal 
springs combining to apply a toad force to an air bearing 30 
slider attached to the gimbal. As will bet explained below, 
the gimbal is sioictured to accommodate certain sfider 
movements, while providing a high sliffhess wHh respect 
to motions in other directiona Because the support arm 
is substantially inflexible, the mass of the support arm is 35 
not a key factor in determining the inertial force gener- 
ated by acceleration during a shock event. 

In a preferred embodiment, the gimbal includes a 
frame that encloses a gimbal pendant. The structu'e that 
joinsthegimbalpendanttotheframedefinesthe'gimbai 40 
springs." The air bearing slider is attenhed to the gimbal 
pendant allowing moHon relative to the frame and the 
inflexible support arm. The gimbal springs accommo- 
date pitch and roll motion of the air bearing sTider, but 
have high in-plane stiffness. That is, while the slider is 45 
able to rotate about X and Y axes that are parallel to the 
surface of a data storage medium, the gimt»al springs 
resist linear movement along the X and Y axes. 

The inf lecible support ai-m has a first end, or mount- 
ing end. connected to a drive system. For eoampiB. the so 
mounting end may be connected to an actoator ann of 
an actuator motor. The frame is connected at the oppo- 
site second end. or gintoal end. of the support ann. 

One end of a load spring is connected to the irtf lat- 
iMe support arm and the other end is in contact vwth the ss 
gintial pendant. The gimbal has a low stiffness normal 
to the surface of the data storage medium. i.& the gimbal 
is compliant HI the Z-directton. An ideal gimbal wouM be 
one having no stiffness in this Z-cBrecUon. but wme stiff- 



ness is Inherent The gimbal springs and the load sprfcig 
ad in parallel in the Z-drecUon to determ'ne the load 
force that substantially defines the flying characteristics 
of «ie slider. That is, the vertical spring stiffnesses of the 
gimbal springs and the load spring add together to pro- 
vide the total vertical stiffness for controlling the air bear- 
ing slider that has at least one read/write head. 

The toad spring m^ be a long, thin member, such 
as a beam, wire or spring, that is attached at one end to 
the inflexible support ann. At ttie opposite end. the load 
spring may be positioned near a dimple of the gimbal 
pendant The dimple locates the toad point with respect 
tothe air bearing slider. The height of the dimple and the 
interaction between the dmiple and the load spring 
should be such that no undesired moments are appOed 
to the slider. Ideally, the tip of the dimple resides In the 
plane of the gimbal springs to eliminate any moments 
due to side (or frictional) forces. As an alternative, the 
dimple may be formed on the load spring. 

For the embodiment in which the load spring is a 
plate spring, this element may have mounting, bend and 
straight regions. The mounting re^'on is attached to the 
support arm. The bend region may have dimensions 
designed to determine the flex characteristics of the load 
spring. For example, the load spring may be thinner or 
narrower at the bend regfon. Preferably, the bend region 
is proxknate to the mounting region. The straight region 
has a stiffness that is capable of transferring the toad 
force from the bend region to the air bearing slider with- 
out appreciable deformation. 

In a second embodiment, the load spring is attached 
to the inflexible support arm near the gimtal. This may 
be refen-ed to as a localized configuration." OptionaUy. 
deflection of the load spring may be constral ned to permit 
only motfon in the Z-direction. 
With mofion being constrained in this manner, the load 
spring can be attached directly to the load point of the 
slider or gimbal, since there is a reduced possibility of 
applying undesired moments to the air bearing slider. 

The inflexible support arm may be formed of a 
ceramic material. The load spring may be a metal, such 
as nickel, ntekel-cobatt. or an ultra-high strengtti steel. 
Alternatives for fomiing the load spring include eleclro- 
fomiing, predston stamping and chemical etehing. 

Optionally, the load spring and the gimbal may be 
fbnned in a unitary manner. That is. a single spring may 
be formed to provide the Z-direction load force, the pitch 
and roll compliance, and the in-plane and yaw stiff- 
nesses. 

The gimbal is preferably a sOicon device tfiat is con- 
figured using micromachlning tobricattonprocesses. Sl- 
icon is attractive because of the high precision 
tolerances avaBable in the fabrication of microdevices 
and because (tf the, non-plastic behavior of silicon at 
operating temperatore ranges. A properly fabricated sil- 
icon gimtal is resistant to plastic deformation and frac- 
ture during assembly. Moreover, if a siBcon gimbal is 
fractured, the fracture is relatively easy tod^ect as com- 
pared to yield damage of conventtonal metalBc gimbals. 
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Preferably, electrical connections to read/Write 
heads include circuit traces along ttie inflexible support 
arm. Electrical fraces can be incorporated onto the sup- 
port arm using knovm techniques for forming conductive 
film drcuits on ceramic substrates. The electrical traces 
connect to metallized traces on the silicon gimbal. The 
gimbal traces extend across a gimbal spring to a central 
gimbal pendant. From the gimbal pendant, the intercon- 
nection of electrical traces on the slider can be accom- 
plished by means of solder reflow. conventional wire 
bonding techniques, or conductive adhesive: Reflow of 
solder bumps is attractive for this application, since sol- 
der r^ow provides a degree of self-dlgnment between 
the components, iri addition to providing the electrical 
interconnection. 

The invention offers advantages of enhanced resist- 
ance to shock, a high repeatability of assembly aBgn- 
menf , and an improved method of establishing electrical 
connection. The shock-resistance characteristics are 
improved by reducing the mass that creates the inertial 
force caused by acceleration during a shock event By 
replacing the conventional load beam wHh arfgidsupport 
arm, larger shock accelerations can be tolerated wittiout 
ocoB-rence of sfider-to-disk separation. Repeatability of 
assembly alignment between the gimbal pendant and 
the mounting surface of the suspension is improved, 
since flie gimbal is attached directly to an inf lexWe sup- 
port arm, rather than to a load beam. In embodiments in 
which flip-chip type solder bump interconnects are used 
tojpin the gimbal to the support arm. the self-alignment 
properties associated with the flip-ch^ process contrib- 
ute to the repeatability of the assembly alignment In the 
f ip-chipprooess, the components areplaced in proximity 
such that corresponding bond pads of the mating com- 
ponents overlap. Upon reflow of the solder, surface ten- 
sion of the liquid solder pulls the components into 
relatively dose alignment. This self-alignment between 
the slider and the gimbal pendant locates the load force 
with respect to the air bearing features and the gimbal 
spring. Moreover, electrical components, such as 
preampiaiers. may be flip-chip mounted directly onto a 
rigid ceramic support arm. 

The invention provides an improved manner of incor- 
porating electrical connections. The parallel confgura- 
tipn of the gln*al and load spring removes the toad 
spring from the path of the electrical traces. Within the 
prior art. any traces that are fabricated along the length 
of a toad beam are subjected to the same deformation 
as the load beam. Trace continuity is repeatedly jeopard- 
ized by the stresses generated during deformation. In the 
inv^itlon, no traces are formed on the load spring itself. 
Rather, traces are fomfied on the mfiedble support arm. 
While the electrical traces of the invention are preferably 
Integranyformed along the gimbal, the drcuit[^ is sub- 
stantiaHy removed from components that undergo a 
large amount of deformation. 



Brief DescriptiQn of thfi Drawinffs 

Rg. 1 is a perspective view of a prior art suspension 
assembly, and an illustration of the orientations of axes 
5 oflnterest 

Fig. 2 is a schematic view of a prior art series-cou- 
pled spring anangement for flying vertical forces onto 
an air bearing slider. 

Rg. 3 is a schematic wew of the application of par- 
10 allel-coupled vertical forces onto an air bearing slider in 
accordance with the invention. 

Fig. 4 is an exploded view of a magnetic head sus- 
pension assembly in accordance with the invention. 
I=ig. 5 is a perspective view of the assembly of Rg. 3. 
IS Rg. 6 is a perspective view of the assembly of Rg. 
4showninopersttton. 

Rg. 7 is a top view of one embodiment of a gimbal 
of the assembly of Fig. 5. 

Rg. 8 is a top view of a second embodiment of a 
gimbal for the assembly of Rg. 5. 

Best Mode for Canryino Out the Invantion 

With reference to Rg. 2. a prior art suspension 
25 assembly 1Qcanberepresentedasaload^)ring12that 
is series-coupled with a gimbal spring 14. As defined 
heroin, "gimbal spring" refers to the effective stiffness of 
a gimbal In the vertical direction, 1. e. Z-dlrectlon. The load 
spring 12 connects the effective mass of a load beam 16 
30 to a drive.system 18. The effective mass denotes ttiat 
portion of the mass that contributes to the generation of 
inertial forces during accelerah'on caused by a shock 
event 

The drive system 18 may be an actuator arm of an 
35 actuator motor. The toad spring 12 represents a bend 
region of a prior art sireperKlon arm. such as the bend 
region 108 of the suspension assembly 100 of Fig. 1. 
The bend region is at an end of a load beam region 1 10 
opposite to a gimbal 1 04. A mass 20 of Rg. 2 represents 
■M Hie mass of a gimbal and an air Ijearing slider. Intheprior 
art design of Fig. 2, which represents many systems 
presently in use, the effective mass of the toad beam 16 
oontrixites approximately 50% of the total shock inertial 
force, with the mass 20 contributing approximatety 50%. 
45 Refemng now to Rg. 3, a suspension assembly 22 
in accordance wth the invention provides a parallel cou- 
pling of a toad spring 24 and a gimbal spring 26. i.e. sliff- 
nessof thegimbalwithre^jecttotheZ-direction. Rather 
than a suspension arm that indudes a bend regton that 
so defines the load spring and a load beam region, the sus- 
pensfon assembly 22 indudes an inflexible support arm 
and a structurally separate toad spring 24. In Rg. 2, the 
vertically stationary region is the drive system 18, and 
the mass 20 of the slider and gimbal Is vertically dis- 
ss placeable. With respect to the vertically stafionary drive 
system. Rg. 2 illustrates two components of displace- 
ment of the mass 20. The first component is a result of 
flexure at the load ^ng 12 that links the effective mass 
of the toad beam 16 to the drive system. The second 
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component is a consequence of flexure of the gimbal 
spring 14 that connects tlie mass 20 of the slider and 
gimbal to the mass of the load beam. In comparison, the 
suspension assembly 22 of Fig. 3 includes an Inflexible 
support arm, so that the mass 28 that is vertically sta- 
tionary comprises both the drive system and the support 
arm of the suspension assembly. A displaceable mass 
30 is connected at the ends of the load and gimbal 
springs 24 and 26 opposite to the vertcally stationary 
mass. There is a single componentof displacement. The 
displaceable mass 30 mdudes the mass of a sfider and 
an effective mass of a ganbal. An dtective mass of the 
load spring must be added to the mass 30 to some 
degree, but the series-coupled spring arrangement of 
Fig. 2 does not apply, as will be explained more fully 
below. 

Still comparing Figs. 2 and 3. the effective mass of 
the load beam 16 plays an inportant role in determining 
the inertial force generated during a vertical shock event 
encountered by the prior art suspension assembly 10 of 
Fig. 2. However. In Rg. 3. the inflexible support amidol 
not contribute significantly to the total shock inertial 
force. Consequently, the shock-resistance characteris- 
tics of the suspension assembly 22 are s^jerior. 

Referring now to Figs. 4 and 5, a substantially inflex- 
ible support arm 32 is shown as having a mounting end 
that includes an opening 34 for passage of mounting 
hardware or a pivot assembly The support arm may be 
mounted to a convenfional actuator arm stack of an actu- 
ator motor, or may be connected directly to the drive 
motor. 

At a gimbal end of the support ami 32 is a trapezoi- 
dal opening 36 for mounting or otherarise accommodat- 
ing an air bearing slider 38. The air bearing sHder 
functions in a manner identical to prior art sliders. Thus, 
the counter forces of an aerodynamic lift force applied at 
a lower surfaceof the slider and a total load force applied 
at the top surface of the slider determine a slider-to-mag- 
neBo medium distance as the slider operates in a flying 
mode across a surface of a magnetic disk or other data- 
storage medium. 

Fabricated onto the Inflexible support arm are a pair 
of circuit board traces 40 and 42. WNIe only a pair of 
traces is shovm, a greater number of traces may be 
accommodated. While not critical, the support arm may 
be a ceramic member, with the traces being formed on 
the surface using known techniques for patterning thick 
films or thin films on a ceramic substrate. Rrst input/but- 
put pads 44 and 46 are formed at the mounting end of 
the support ami. A flex circuit or other interconnecUon 
scheme may be connected to the inputtoutput pads. At 
the gimbal end of ttie support arm are second irpul/out- 
put pads 48 and 50. As wai be explained more fully betow. 
data signals aretransmittedfromatransduceronas8der 
38 to signal processing equipment via the traces 40 and 
42. Optionally, traces may be fabricated on both sides of 
the support arm. 

The air bearing slider 38 is attached to a gimbal pen- 
dant 52. The gimbal pendant Is attached to a gimbal 



frame 54 in a manner to achieve a number of desired 
mechanfcal stiffhess characteristics. Refemng now to 
Rg. 6. ttie slider 38 and the gimbal pendant 52 should 
have a low stiffness with regard to rotation about X and 
5 Y axes that are parallel to a surtiace of a magnetic disk 
55. That is. the gimbal arrangement should accommo- 
date rotation about the X axis, i.e. pitch, and rotation 
about the Y axis, i.e. roll, to allow the flying slider to follow 
the topography of the surface of the disk 56. However, 
TO the suspensron assembly should hwe a high stiffness in 
the in-plane directfons. i.e. should be resistant to lateral 
movement along either the X or Y axi& The suspenskm 
assembly shouM also be resistant to rotatton about the 
Z-axis, ue. resistant to yaw. 
'5 The gimbal pendant 52 should be connected to the 
frame 54tobe«>mpllant in theZ-directlon. Infect. Ideally 
the gimbal shouW have no vertical stiffness. The force 
for pressing the slider 38 toward the magnetic disk 56 is 
primarily provkJed by a load spring 58. In the embodi- 
a> ment of Rgs. 4-6, the load spring is a leaf spring men*er. 
In the absence of a magnetic disk 56. the slider 38 
extends significantly beyond the lower surface of the sip- 
port ami 32. However, the presence of the disk estab- 
lishes an equiRxium condition, so that the slider does 
zs not extend significantly below the surface of the support 
ami. In the case of a rotating disK fte equilibrium con- 
dition inckides the lifting force of the air bearing. 

The load spring 58 has a mounting region 60 and a 
bend region 62 dose to the mounting res^n. Preferably, 
30 the bend regfon has a reduced thickness or a reduced 
width designed to Isolate the spring deformation, thereby 
fadlitafing control of the spring stiffness. Beyond ttie 
bend regfon is a stiffer straight regfon of the toad spring 
58. The toad spring 58 may be formed of metal. Accept- 
as able techniques for forming flie toad spring include eleo- 
troforming, precision stamping, and chemical etching. 

Optfonally, the load spring is integrally formed with 
the gimbal. In this embodiment, the single spring pro- 
vides the vertteal foad force to the slider 38 and contrib- 
*o utes to in-plane stiffnesses. 

Refening now to Fig. 7. a top view of a first embod- 
iment of a gimbal 64 Is Bluslrated. The gimbal may be 
formed of siRcon using high predston micromachinii^ 
technkjues. A silfcon gimbal is designed to be restetant 
45 to fracture during foading to a magnetto disk, as weU as 
during hazards that may occur while the drive system is 
operating. e.g. ejrternally applied shock, headWisk fric- 
tion interaction, etc. 

A pair of serpentine legs 66 and 68 connect the gim- 
50 bal frame 54 to the gimbal pendant 52. It is this connec- 
tion that defines the previously described mechanical 
sSflhess charaderisfics. The toad spring, not shown in 
Rg. 7, presses onto the top surface of the gimbal pen- 
dant and combmes with the serpentine legs to press the 
55 slWer 38 toward the disk. Returning brieily to Fig. 3, the 
serpentine legs are represented by ttie gimbal spring 26 
ttiat is parallel<»upled to the load spring 24 to bias the 
displaceable mass 30. The di^aceable mass indudes 
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the mass of the sfider 38 and the pendant 52, as well as 
a portion of the load spring 58. 

An alternafive embodiment is shovvn in Fig. 8. In this 
embodiment, a gimbal frame 70 is linked to a gimbal pen- 
dant 72 by four serpentine springs 74, 76. 78 and 80. As s 
compared to the embodiment of Rg. 7. the addition of 
two serpentine springs in the en^jodiment of Fig. 8 may 
be used to achieve desired mechanical characteristics, 
as Is understood by persons stalled in the art Other 
embodiments in which there are a greater or lesser io 
number of gimbal springs and other configurafions of the 
springs are also possible without deparfing fix)m the 
Invention. 

Returning to Figa 4 and 5, the circurt board traces 
40 and 42 extend to the second irput/output pads 48 and is 
50. which are positioned below the gimbal frame 54 
when the gimbal is secured to the support arm 32. Met- 
allized traces may also be fabricated on the underside of 
the frame 54. The traces extend along one or more gim- 
bal springs that connect the frame to the pendant 52. For 20 
example, in Fig. 7. two traces m^ be photoHthographi- 
cally formed on the underside of the sificon serpentine 
leg 68. The number of traces Is nmited only by the avail- 
able area of the gimbal springs. Fr-om the gimbal pen- 
dant the electrical connection may be made lo the slider 2s 
38 by means of solder reflow techniques. Reflow of sol- 
der bumps is an attractive technique, since this process 
may be used to improve the repeatability of afignment 
between the gimbal pendant and the slider. Upon reflow 
of the solder, surface tension of the liquid solder pulls the 30 
slider Into relatively dose alignment with the pendant 
Once the electrical connection has been made io the 
slider, conventional techniques may be used to provide 
an electrical connection to a read/write head on the 
slider. ss 

A dimple, typically located on the gimbal pendant 52, 
is not shown in the figures. The dimple is used to accom- 
modatepitch and roll motion of the slider 38 and to define 
the point of application of the load force. In the embodi- 
ment of Figs. 4-6. the load spring is in the form of a leaf «j 
spring. In this arrangement, the end of the load spring is 
positioned on a dimple^ which locates the load point with 
respect to the slider. 

In an alternate embodiment, the load spring is 
attached to the inflexible support arm 32 at a reg'on close 4s 
to the gimbal pendant 52 and the slider 38. In this "local- 
ized" embodiment deflection of the load spring may be 
constrained to moHon along the 2 axis. Thus, the load 
spring can be attached directly to the lo») point of the 
slider. so 

While the inflexible support ami 32 has been 
described as being a ceramic member, this is not critical. 
Alternatively, the supportarm n»ybea.metallic structure 
having the desired stiffness. Lil«ewise. the gimbal m^ 
be formed of metal, polylmide or plashcr^er than sli- ss 
con. 



Claims 

1 . A magnetic head suspaision assembly comprising: 

a substantialbr inflexible support ami (32) 
having a first end for connection to a drive system 
and having a second end; 

a gimbal structure (52, 54; 64; 70, 72) con- 
nected at said second end ibr support'ng an air bear- 
ing slider (38) to accommodate pitch and roH molion 
of said slider; and 

a load spring (24; 58) connected to said sub- 
slaniially inBexible s^jport arm for transmitting a 
load force to said gimbal structure from said sub- 
stantially inf lexMe support arm. 

2. The assembly of claim 1 wherdn said gimbal struc- 
ture (52, 54; 64; 70, 72) includes at least one gimbal 
spring (26; 66, 68; 74 76, 78. 80) for connecting said 
gimbal structure to said second end so as to accom- 
modate movemer« of said air bearing sSder (38) in 
a general direcfion of said load force transmitied by 
said load spring (24; 58). 

3. The assembly of daim 1 or 2 wherein said load 
spring (24; 58) is a leaf spring having a fixed end 
attached to a surface of said substantially inflexible 
support arm (32). said leaf spring havinga load end 
in contact with said gimbal structure (52, 54; 64; 70, 
72) to resitientty press said gimbal structure in a 
direction generally perpencficular to said surface of 
said substantially Inflexible support arm. 

4. The assembly of daim 1 . 2 or 3 ftirther conprising 
metalUzed electrical traces (40, 42) on said substan- 
tially inflexible support arm (32), said traces extend- 
ing to said first end for conducting data signals to a 
transducer connected to said air bearing slider (38). 

5. The assembly of claim 1 . 2. 3 or 4 wherein said si*- 
stantially irtfl«cible support ami (32) is a ceramic 
member. 

6. Tl» assembly of daim 2 further comprising said air 
bearing slider (38), said load spring (24; 58) being 
in contact with said gimbal spring (26; 66. 68; 74, 
76, 78, 80) to apply paraflel forces from said sub- 
stantially inflexible support arm (32) to said air bear- 
ing slider. 

7. TTieassemblyofciaim1.2,3.4.5or6whereinsai(| 
gimbal structure ^, 54; 64; 70. ^) Is a siHcon stnio^ 
iure. 

8. A methodof suspending a magnetic head in a posi- 
fion to read data on a surface of a disl< comprising: 

connecting a rigid support arm (32) to an 
actuator motor of a drive system such that an end of 
said support arm opposHe to said actuator motor is 
posifionedto be aelacent to said dlsk(56); 
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atlachhg a gimbal (52, 54; 64; 70. 72) to said 
end of saidsupport arm to acajmmodate rotational 
motion dsout perpendicular axes tfial are eacti par- 
allel to said surface of sad disk; and 

applying generally parallel-coupled load (24; 5 
58) and gimbal springs (26; 66, 68; 74. 76. 78. 80) 
from said support arm to said gimbal such that said 
generally parallel-coupled springs collectively 
define a k»d force of said gimbal in adirectton per- 
pendicUar to said surface of said eisk. ,0 

9. The method of claim 8 further comprising corinect- 
ing said gimbal springs (56; 66, 68; 74. 76. 78. 80) 
to said gimbal such that said gimbal moves compli- 
antly in said direction perpencTicular to said surface IS 
of said disk (56). 

10. The method of daim 8 or 9 further comprising 
mechanically and electrically connecting a slider 
(38) to said gimbal {5Z. 54; 64; 70. 72). inclucfing 20 
using solder refkw technkjues. 
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